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Motivations 
Experimental Requirements 
Experiment 
-7 Experimental condition 
CI Experimental setup 
E Dispersion matching 

ZJ Elastic scattering 
Results 

Peak fitting 
Comparison with Microscopic Calculations 
i: DWBA with free t-matrix 
3 DWBA with density and energy-dependent t-matrix 
a DWlA+RPA 

Summary 



Signature of the Pion Field in Nuclei 
Observed in the (p,n) Reaction 
Isovector JZ=O- excitations 

;II; P-decay and p-capture : at low q 

(PN,  (P,P') etc. : wide q range 
(p,n) Exp. By Orihara et al. 
zj l6F(0-) excited via (p,n) 

ii q = 0.34 - 2.0 fm-1 
TP=35Me\ l  

y fran2 
L j  Signature of the pion field in nuclei ? 

Problems 
n 0-, g.s. is not clearly separated from 

1-, 190 keV state 
E-I Fairly large contribution from the 

un p hysical background 
a Barge ~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
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(p,p') Exp. By Hosono et al. 
n l60(0-,T=l) via (p,p') 

o q = 0.3 - 1.6 fm-l "O(p,p')'"(o-,T=l) 

- '  DWBA calculation (DWBA74) 
il: Pure 1p1/;12s1/2 config. 
n M3Y interaction 
0 Single-particle radial W.F. 

': N o  signature of the pion field ? 
Difference between (p,n) and (p,p') 
LI Complicated reaction mechanism in this -0.5 

I o w-e n e r gy reg i o n 0 r i  LI 1 t kste p &co 1 



uirernent for Stud 

- : Pure Oxygen Target I I 

c! Oxygen compounds (Li,O,B,O,) were used I 0-, T=I state in 1 6 0  I 
Large contribution fiom 
compound material (Li,B) 

il: Not suitable to study week 0-, T = l  state 
n We used m i  k e  (‘I=&@ targ~Z developed 

by Kawabata et al. 

High Resolution 
u Level scheme in l 6 0  around 0- 

I - ,  12.44 MeV 
2-, 12.53 MeV 
a)-? iL2L80 lW@V 
2-, 12.97 MeV I70 keV 

entum (channel) 



111 ~ f i o r n S A I D  
With dispersive beam from WS beam line 

I 29 - 34 k@V 0$&2?r @m8ployiQllg - 0Jisp@r@& - 

1- Determined by energy-loss effects in ice target 

c 295 MeV polarized protons (87' keV !cia a~hvorna~tk rnsdle) 
u Beam polarization:8.aQ-~~~~ 

-1 Calibrated by p+p events porn ice target 
A j%omSAID Y 

u Beam current: 3-6 nA 
r! Solid angle: 2.4 msr 

ri Cross sections and analyzing powers 
L I  Observables 

- -  elab = 14 - 30" 
B qe0n& = @0!9 - 203 
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Global Optical Potential 
by Hama et al. 

I -  I &  Lfq(=J 

ci For 12C - 208Pb Set 1 
o For I2C - 208Pb Set 2 
L"_ For 12C - 208Pb Set 3 

5 Fairly good agreement 
Global Potential for l60 

with c 

103 

102 

Good 
100 

agreement with A, bc' 
10-1 

20 30 40 
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esults of Pittin at Forward Angle 
~ .. . .. .. . . . . .. . . . - , . . . . . , .. . n 

6 7 0 10 11 
Excitation energy of "0 (MeV) Excitation energy of "0 (MeV) 

12.0 i2.5 19.0 

Excitation energy of "0 (MeV) 
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Optical Potential 
c1 Global optical potential for l60 ~~~~~~~~~~~~ the elastic daPa) 

'? Generated in a harmonic oscillator potential 
n Generated in a Woods-Saxon potential 

a Franey and Love t-matrix (Free) 

Cc *H -1 , - D - - L t - l -  T B  - J Z  p 1  X ' L T p - 7 -  I7-m- -L - - a ~ h g i ~  z ai ~ i ~ i t :  nauicli vv clve r uuuiuus 

Effective Interactions 

2 70 MeV parameterization 
~ 325 MeV parameterization 

- G-matrices based on the Paris NNpotential 
=i Density and energy-dependent t-matrix (On-M 

Configurations 
ci Pure lp1,;12s1,, 
tl s !n !nm3deto c 

Nuclear Correlations 



uration Dependence 

- - - - -~0.6 
I . , . . I . ,  -1.0 3 r d  maxima simultaneously 10 20 30 IO 20 30 

10-5 
o Not reproduce both 2nd & 

Analyzing powers 8c.m. (deg) 6.m. (deg) 
Parameters 
n Global OMP by Hama et al. 
o Franey and Love t-matrix at 325 MeV G Opposite sign 

rj Single-particle radial W.F. generated in 
Woo ds-Sax0 n pot entia I 



Dependence on Single-Particle 
Radial Wave Functions 

Single-Particle Radial Wave 
Functions generated in 

n WS=1.4 X HO 
E Not reproduce both 2nd & -Harmonic Osc. 

10-5 3rd maxima simuSis~neously 10 20 30 10 

Analyzing powers 
tl S i i m i Q a  shape 
E! Opposite sign 

- 20 90 

4.m. (ded  4.m. (ded 
- Parameters 

i7 Global OMP by Hama et al. 
a OBTD calculated by OXBASH in s-psd-pf space 
~1 Franey and Love t-matrix parameterized 

at 325 MeV 



Franey and Love &Matrix 

E: 270 MeV param. 
Cross sections 

LI 270 MeV = 1.4 X 325 

10’1 

10‘2 
n 
k m 
B 
\ 

& 10-3 
MeV -, 

c ~ 1  Not reproduce both 2nd & 
3 r d  maxima simultaneously 

Analyzing powers 
El simflnar shape? 
o Opposite sign 

t Tp=295MeV 1 

El 
13” 

10-4 - -1.0 10-5 
10 20 so 10 20 30 

4.m. 4.m. ( a 4  
Parameters 

u Global OMP by Hama et al. 
ij OBTD calculated by OXBASH in s-p-sd-pf space 
c) Single-particle radial W.F. generated in 

Wood s-S axo n pot entia I 
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Effects on In- 

In-Medium &Matrix 
EI Density and energy 

dependent effective 
interaction 

n G-matrices based on 
Paris NN potential 
by w H.V, von Geramb 

Cross sections 
tar S&%q@@ -FL-323pJeV 

-G-matrix 
----G-matrix( x0.5 E G-Matrix = 2 X FL325MeV 

12 
10 20 30 10 20 30 Not reproduce both 2 n d  i3r 

3 r d  maxima simultaneously 4.m. ( d e d  8c.m. ( d e d  
Analyzing powers Parameters 
c1 - cauuec2 sigh i n  ~~~~~~~~~~~ n Global OMP by Hama et al. 

W ? i t  h G-m at r k  CJ OBTD calculated by OXBASH in s-p-sd-pf space 

G Small magnitude CI Single-particle radial wave functions generated 
i n Woods-Sax0 n pot entia I 
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The isovector 0- state in l60 were clearly observed 
E Dispersion matching method (WS beam line and Grand Raiden) 
e Large (30r,irIi x Grnmj ice target 

I Elastic Scattering 
0 Fairly well reproduced by the global optical potentials 

ill DWlA without nuclear correlation effects could not reproduce the data 
1 Cross Section 

i? DWIA+RPA predicts the enhancement around q=L7 fm-I 
27 daEa Q pa d gT!+c@t@@mdE 

- SigiWmm 0) J P l  ELL!,@ piofia fi@M kill/ sazael@i 
Analyzing Power 
u Free interaction could not reproduce the sign 
EI Density-dependent effective interaction reproduces the sign 

J P 7  ai78 OJ &"@ @fiM@C8iU@ 


